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3 MATERIALS AND METHODS 
3.1 Overview 
This paper presents the preparations and method of characterizations between monometallic 
10%Co/Al2O3 catalyst and transition metal promoted 3%Ce-10%Co/Al2O3, and 3%La-
10%Co/Al2O3. 
3.2 Introduction  
This chapter provides a detailed description of the materials and equipment and gases used as 
well as the experimental procedures followed for catalyst preparation and reaction runs. It also 
briefly explains the theory behind the catalyst characterization methods and different 
characterization analyses. 
3.3 Materials 
3.3.1 Chemicals 
A list of chemicals used in this work is provided in Table 3-1. Alumina and metal nitrates used 
as catalysts precursors were purchased from Sigma-Aldrich (Kuala Lumpur, Malaysia). All 
solutions in this study were prepared using water purified by a water distillation unit from 
Hamilton (Margate, Kent). 
Table 3-1 List of chemicals used 
Chemical Formula Purity/conc. Application 
Aluminum oxide Al2O3 Industrial Catalyst preparation 
Cobalt (II) nitrate hexahydrate Co(NO3)2.6H2O ≥ 98% Catalyst preparation 
Cerium (III) nitrate hexahydrate Ce(NO3)3•6H2O ≥ 99% Catalyst preparation 
Lanthanum (III) nitrate 
hexahydrate 
La(NO3)3•6H2O ≥ 99% Catalyst preparation 
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3.3.2 Catalyst Preparation 
 
This section presents the details of catalyst preparation procedure. Wetness 
impregnation technique was used as the standard to prepare the monometallic and transition 
metal promoted catalyst. The entire catalyst preparation procedure is shown as Figure 3-1 with 
detailed explanation and related calculations shown in Appendix A. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-1 Catalyst preparation flow chart 
La Group 
promoted 
catalyst 
Pre-treatment of alumina 
in furnace at 7500C with 
50C min-1 for 5 hr. 
Impregnation with 
aqueous 
Co(NO3)2.6H2O  
Monometallic 
catalyst 
Stir for 3 hr at 250C, 
followed by drying at 
1100C for 24 hr. 
Impregnation with 
aqueous 
Ce(NO3)3•6H2O or 
La(NO3)3•6H2O 
Stir for 3 hr at 250C, 
followed by drying at 
1100C for 24 hr. 
Calcine inside furnace at 
5000C with 50C min-1 for 
5 hr. 
Catalyst is obtained. 
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3.3.3 Pre-treatment of aluminum oxide support, Al2O3 
 
As shown in Figure 3-2, there are several known phases of alumina, they are high 
surface area γ-Al2O3, the porous amorphous δ-Al2O3 and the crystalline α-Al2O3. The area γ-
Al2O3 is well known to have superior mechanical stability and higher surface area (100 to 250 
m2 g-1) compared to the other forms of alumina. At high temperature, γ-Al2O3 tends to 
transform into a different phase and leads to structural degradation. 
 
Figure 3-2 Temperature-dependent alumina phases and their surface area 
 
In this study, the aluminum oxide support undergo a pre-treatment of calcination at 700 ˚ C with 
50C min-1 heating rate for 5 hours by using a furnace (CARBOLITE, Model: AAF 11/3) from 
preventing phase transformations during the high temperature catalyst preparation processes 
and reaction runs subsequently. After the 5 hours of calcination, the calcined aluminum oxide 
support is only allowed to be taken out when the temperature is drop to about or below 100 ˚C. 
 
 
 
 
 
 
